We infected NIH germ-free female mice with Helicobacter trogontum, a recently described intestinal bacterium of rats, in order to study the lesions it induced in the liver of this host. Fifteen mice were challenged with a single dose of H. trogontum (test group) and killed 6, 12 and 18 months after inoculation (5 animals/group). Nine animals were challenged with 0.85% saline alone (control group) and killed at the same times. Fragments from the liver, cecum and colon were obtained for microbiologic and histologic examination. Stool samples were also collected. H. trogontum was detected in the cecum, colon and/or stool samples of all test mice. As expected, the bacterium was not isolated from any specimen obtained from the control animals. On the other hand, although we could not cultivate the bacterium from the liver, 13 test animals (86.7%) presented histological changes in this organ. The 6-month group presented infiltration of mononuclear and polymorphonuclear cells in the hepatic parenchyma and the two other groups presented foci of mononuclear cells. The results suggest that H. trogontum can elicit a hepatic inflammatory response in mice since the only difference between control and test animals was the presence of H. trogontum in the latter. This result, together with the growing number of related reports in the literature, reinforces the possible role of Helicobacter infection in the pathogenesis of hepatobiliary diseases.
The recognition of Helicobacter pylori as a cause of chronic gastritis and peptic ulcers in humans (1) has led to an increased interest in the study of similar bacteria that colonize the gastrointestinal tract of animals (2) . As a result, many new Helicobacter species have been described and linked to diverse diseases such as gastritis, peptic ulcer, hepatitis and enterocolitis in a wide range of animals (2) (3) (4) (5) . Thereafter, natural and experimental infections with Helicobacter sp have been performed in animals not only for the purpose of comparing the infection with that of H. pylori in man, but also because of the growing recognition of the role of the bacterium in disease outbreaks in colonies of laboratory animals (2, 6 ).
An example of a species that has been extensively studied is H. hepaticus. The bacterium was isolated from the liver of mice serving as control in a long-term chemical carcinogenesis assay, which showed high incidence of chronic active hepatitis and liver tumors (7) . After that, it was found that H. hepaticus infection is highly prevalent in commercial mouse colonies (3, 8) . The bacterium persistently colonizes the colon and cecum of the animals and can elicit hepatitis and liver tumors in some susceptible inbred strains such as A/JCr and B6C3F1 mice (9, 10) .
In 1996, we described a new Helicobacter species, H. trogontum, that colonizes the colonic mucosa of rats (5) . Based on 16S rRNA sequence analysis data, this species is closely related to H. hepaticus (97% sequence similarity). In a recent study in which we infected germ-free mice with H. trogontum, we observed in the liver of 2 of 8 animals with one and six weeks of infection the presence of small focal inflammatory cell infiltration resembling the first stage of infection described in the liver of mice infected with H. hepaticus (11) . Therefore, we decided to infect mice with H. trogontum for a longer period of time to study eventual liver lesions.
The type culture of H. trogontum (ATCC 700114) was grown on 10% sheep blood agar for 3 days at 37ºC under microaerophilic conditions. The bacteria were harvested and suspended in 0.85% saline to obtain an inoculum of 10 9 cells/ml and 100 µl of the suspension was used for mouse inoculation by gastric intubation. The suspended bacteria were observed by phase contrast microscopy for motility before and after inoculation to test viability.
Twenty-four 4-week-old NIH germ-free female mice (Taconic, Germantown, NY, USA) reared in Trexler type isolators at the Laboratório de Gnotobiologia, Instituto de Ciências Biológicas/UFMG, Brazil, were used in this study. Fifteen mice were orally challenged with the H. trogontum inoculum (test group) and nine animals received 0.85% saline alone (control group). After inoculation, test and control mice were taken from the isolators and kept under the same conditions in separate open cages and also manipulated separately with sterile gloves in different rooms. The animals had free access to an autoclaved pelleted diet and sterile water.
Groups of five test animals were killed by spinal dislocation 6, 12 and 18 months after inoculation. Groups of three control animals were also killed at the same times. Liver fragments were aseptically removed for histologic and microbiologic examination. Stool samples and fragments from the cecum and colon were also taken to determine if the animals were successfully colonized by H. trogontum.
For histologic examination, fragments of the liver, cecum and colon were fixed in 10% formalin, dehydrated through graded alcohols to xylol and embedded in paraffin. Sections of 4 µm from each region were stained with hematoxylin and eosin for histologic examination. The slides were coded to eliminate observer bias and examined by one pathologist.
For microbiologic tests, liver fragments were separately homogenized with a sterile grinder and inoculated into 10% sheep blood agar and Belo Horizonte medium (BHM) plates (12) . The plates were then incubated under microaerophilic conditions at 37ºC for up to 10 days. Fragments from the cecum, colon and stool samples were obtained for the urease test (13) and for culture in BHM under the same conditions as described above. An animal was considered to be H. trogontum-positive when the urease test was positive or when the bacterium was isolated from the cecum, colon or stool samples.
The urease test was negative and no Helicobacter species were isolated from any specimen obtained from the control animals. This result shows that germ-free mice reared in open cages can be maintained free of Helicobacter species for at least 18 months when bedding, food and water are sterilized and the groups of animals are manipulated separately with sterile gloves.
The test group was successfully infected with only a single dose of H. trogontum and the infection persisted for up to 18 months, as shown by the isolation of H. trogontum and/or the positive urease test in the cecum, colon or stool samples of all test animals. H. trogontum colonies were usually seen after 5 to 7 days of incubation as thin spreading films and, sometimes, as punctiform colonies that were strongly urease positive and produced catalase and oxidase (5) . Under an oil immersion lens, after Gram staining the bacteria were seen as fusiform to slightly spiral Gram-negative cells. H. trogontum was not cultivated from the liver of the control group and, as expected, no histologic or macroscopic alterations were observed in the hepatic parenchyma of the animals at any time point examined. In contrast, although H. trogontum was not isolated from the hepatic tissue of the test mice, histologic changes were observed in the liver of 13 (86.7%) animals of this group. Histologic alterations were seen in all animals of the 6-and 12-month-infected groups and in three of the 18-month group. The lesions were characterized by foci of mononuclear and polymorphonuclear cell infiltrates and focal hepatocellular necrosis that were distributed in the hepatic parenchyma around the central lobular veins and portal triads. This histologic pattern of liver lesion resembles that observed in human beings with nonspecific reactive hepatitis caused by systemic infectious or neoplastic diseases (16) . It is also described in mice with 10 to 28 weeks of H. hepaticus infection (17) as well as in dogs infected with H. canis (18) . The inflammation in the liver of the 6-month test group was more prominent and extensive, with the presence of both mononuclear and polymorphonuclear cells ( Figure 1A ) and, after 12 months of infection, the infiltrates became less intense and were composed primarily of mononuclear cells ( Figure 1B) . The liver of the 18-month group also presented infiltrates of mononuclear cells, though more discrete ones. Differently from the H. hepaticus infection, in the H. trogontum model, liver lesions did not progress to fibrosis or cirrhosis. Macroscopic lesions were not detected in the liver of infected animals even when the histologic changes were intense.
Although we could not isolate the bacterium from the liver of the test animals, the results suggest that H. trogontum is responsible for the hepatic inflammatory response since the only difference between control and test animals was the presence of H. trogontum in the bowel of the latter. Also, the histologic hepatic pattern observed was similar to those caused by the presence of Helicobacter species already detected in liver tissue such as H. canis in dogs and H. hepaticus and H. bilis in mice (17, 18) .
The fact that H. trogontum has already been seen free in the cytoplasm of enterocytes of germ-free animals inoculated with the bacterium (19) suggests the idea that H. trogontum may have the ability to translocate and gain access to the liver of the animals. If this is true, the absence of the microorganism in the liver reported here may only reflect a methodologic failure to cultivate H. trogontum from this site. Failure to isolate enterohepatic Helicobacter from the liver has also been reported for some mouse strains infected with H. hepaticus, such as A/JCr mice (19) . Several investigators have been trying to explain this result by a possible difference in culture requirement for strains that colonize the liver or by the scarce distribution of the bacterium in the hepatic parenchyma (2, 6, 20) .
Another possibility that cannot be ruled out is that the bacterium can produce a toxic factor in the intestine that affects the integrity of the liver. It has been shown that H. hepaticus produces a toxic substance that causes a cytopathic effect in a mouse liver cell line (20) . It would be desirable to find out if H. trogontum is capable of producing a hepatotoxic substance and also to optimize culture techniques or to develop more sensitive methods for its detection in the liver in order to facilitate further investigation on the matter.
Infection with enterohepatic Helicobacter, such as H. hepaticus and H. bilis in mice, represents a confounding factor in the interpretation of animal bioassays, especially those evaluating liver carcinogenicity. Attention must also be paid to indigenous Helicobacter of laboratory rats such as H. trogontum because of its potential to elicit hepatitis in its natural host.
In conclusion, we demonstrated that another Helicobacter species is associated with liver lesions in mice. This result, together with the increasing number of related reports in the literature, reinforces the possible role of Helicobacter infection in the pathogenesis of hepatobiliary diseases in both animals and man.
